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1. Introduction

BioXM is designed to store, interpret and mine large amounts of biological
information. With the purpose of showing the potential of the this application and the
knowledge based developed within the EU BioBridge project we have developed a
step-by-step tutorial that shows a number of features of BioXM. In addition we
demonstrate the use of a functional module analysis technique (Sameith et al., 2008)
based on a measure of the overall activity of KEGG pathways (Ogata et al. 1999).

All data, queries and analyses used within the tutorial are available in BioXM as part
of the “COPD Knowledge base” read-only project. Users wanting to modify the
queries/analyses or interested in creating new queries/analyses will have to do so
within the “Analyse data” project for which they have write rights.



The Tutorial covers two scenarios.

e Scenario 1 represents a short general task, it let the user provide a list of genes
to create an interaction network integrated from different databases.

e Scenario 2 allows the user to identify significantly different functional
pathways between two experimental groups. Extending from this we provide
some examples for interactively browsing the genes in the pathway for
associated compound and disease information.

Scenario 1 Scenario 2
Extract network information Extract information for functional module analysis
> Select genes in BioXM from your : > Choose a dataset :
list of Affy Ids ! > Compute the overall activity of the KEGG pathway !
. o . . I 1
> Extract protein-protein interactions i > Identify differentially active pathways i
between genes ; . ;
; > Display results as table or 3D scatter plots
» Extract network s between genes s ;
according to KEGG pathway > Visualise pathways using the graphical interface
A B

Figure 1: This figure describes the different tasks accomplished in this tutorial. The panel A shows
how to extract different types of information. The panel B shows the second scenario where we
describe how to extract information and perform a fully integrated analysis using the modularisation
approach.

2. Scenario 1: Export information from BioXM

The BioBridge knowledge base offers the ability to dynamically query sub-networks
from its huge overall network of connected information and connect the network
entities with experimental data. As analysis of high-throughput data depends on the
ability to define functional modules it is very important to be able to extract networks
of interactions between entities (genes, proteins) integrated from different databases.
This information, together with the associated experimental information, can then be
used in a large number of data analysis tools. In this scenario, we will show how to
extract interactions, as well as gene expression data starting from a list of genes of
interest, defined by their Affymetrix probe IDs as provided by the BioXM user. In this
example we will extract networks from two different data sources, namely the full set
of protein-protein interaction databases integrated in BioXM and the KEGG pathway
database respectively. Please note that networks can be extracted based on any
combination of data sources integrated into BioXM. The definition of the data source
is provided within the query (an example of query construction is given in section 4).

2.1. Tutorial Scenario 1

The following steps will be executed:

Step 1: Start the BioXM application

Step 2: Import Affymetrix probe ID list

Step 3: Extract protein-protein interaction

Step 4: Extract genes co-occurring in a KEGG pathway



Step 1: Getting started

BioXM is implemented as platform independent Java client-server application and
requires a local java installation. Java 1.6.4 or higher is required and can be installed
from http://www.java.com/. The application is started by Java Webstart and requires a
user registration at http://www.biobridge.eu/bio/.

Open BioXM by accessing the BioBridge portal at http://www.biobridge.eu/bio/.
After login/registration click on “BioXM” in the lower right frame of the BioBridge
portal, then click on “Search in BioXM”.

If you call the application the first time or a new version has been provided at the
BioBridge server, the application will download from the server and install itself into
your local java environment. A login window will open where you need to provide
your user name and password from the registration. Thereafter the BioXM main
window opens which is briefly explained in Figure 2.

EBioXM Knowledge Management Environment

File Edit View Settings Modeling Administration Search Tools Help /

) Left Riaht
& Fl g dmaier (Analyse data) 4
[o ] T Loaaed in user and current active
= £ COPD Knowledge hase A, . ) . . .
ﬁ 3 Clinical studies i
— 3 COPD related pathways .
27 Experimental data HES" e | Show Query Variables |
£ Manipulate data - —
e dta Projects, folders and smart folders

= Bxample Probe List oraanise data in a user and proiect

= [0 Pathway PCA i1z 1 [t | e
@8 01. PCA Input :
(@8 02.t-Testfor PCA Results | : ‘
@8 03. Bow-Scatterplot &

[ Poal 2 - - - - . g
mRE,,.,s“E - Repositories provide lists of all existing

obiects a user mav access

"

2

a

S

]

z g
3

=

2 Tds , 8

~ | | o

2 7l f 2 I

5 © 1 £

5 o 2 g

= -3 g

-, ) 4 =

= 2 a1 o0 1 2 3 H

Right frame displays specific

information selected in left frame

Ohject | PO1 Groupt | POl Group? | Loading | =]
T Arachidor-0.039522509652801.11931421023161M/A 061
-1 B027805165235-1.1389191943169
-0.8220455446493 2. 0484708T00855E
-0.2286309074573 0,51 6EI0BETTT311

-1.09541633557560.81833022208244
- i 0123011481 708070 ANNREFS41 FO2=

Current project Analysedata [ ]

Figure 2: The BioXM GUI consists of three frames, a Navigation bar which provides the functions for
importing, managing, reporting and searching data. A Project and Repositories frame to the left, which
allows to access all data available to a user in the Repositories section and to organise the data in a user
and project specific way in the projects section. And finally a right frame, which is used to display
detailed information about any object selected from the left frame.


http://www.biobridge.eu/bio/

Step 2: Specify genes of interest by Affymetrix probe ID list
(representing genes measured in the expression profiling studies)

We will start by extracting genes represented by a list of 22000 Affymetrix Ids we
have selected to be included in the analysis of the first dataset. In this case, the input
file with the Affymetrix probe ID list is a text tab delimited file (available in the
supplementary material, gse1786.gene.list.txt).

Action

Background information

For your work create yourself a folder to
store intermediate data. Right click on the
“Analyse data” project in the left frame
and select “New folder ..” from the context
menu. Provide a name for the new folder
and click “Ok”.

B BioXM Knowledge Management Emvironment <

'@1 File Edit View Sewtings Modeling Administration Search Tools Help /' B

= & BE_public (BioBridge_publigy 14
= 1 Public K

ien| OPEn in new window

New folder..

B Create newfolder

New Tolder will be created in top level of project 'BioBridge_public.

Folder dass:

o GeneralFolder -
o
xps Folder name:
= i Onolog
Queries
Relations

IBB_Public_intermediate|

MhC
= M E
= ME

i

[

R

£~

Folder ‘Tutarial Queries’ (4 items) Current project BioBridge_public

il

In the navigation bar select “File” ->
“Import Table”

Data can be imported into BioXM using
different xml formats or as tabular data.

File| Edit View Settings Model
General Import..
Import Table...
Import Table from Clipboard...

Processing

Archive...
Export Data Model...

Page Setup...

Log Out admin...
Exit BioXxM

il

A new window “Import Table Data” will
pop up, you can browse the file

“S2 gsel786.gene.list.txt” and click
“Next”.

Data for import has to be accessible on your
local client and will be stored within the
central BioXM server.

iv | The next screen allows to define the For tabular data the format needs to be
physical layout of your file. In the panel specified, first physically e.g. the delimiter
“Header”, choose the option “Recognize (tab, space, “;”, etc.).
table header” and click “Next” to continue.

A% In the next screen, choose “Existing Next the semantic format needs to be defined.

Script” and click “Next” to use a pre-
defined import script adding a tabular

Data import scripts map objects and their
connections in the tabular data to BioXM




Affymetrix ID list to a BioXM folder.

objects and relations. A number of pre-defined
scripts for typical data exist.

vi

Select “Tutorial List2Folder” from the list
of available pre-defined scripts and click
“Next”.

T —
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Click on “Add” in the “Folder” Variable of
the import script. A new window opens,
use the predefined “Tutorial probe list”
folder or select your own folder from the
“Analyse data” project as target for the
import data. Click on “Ok” in the folder
selection window, then on “Next” in the
“Set variable” window.

Note, while the GUI has been predefined
to show only projects relevant to this
tutorial, the Folder selection window will
show all projects the user has read rights
to.
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A new screen will appear, choose your
processing policy as “Allow partial
import” and click “Next” to start the
import .

X

Once the importing process is completed
click “Finish” to exit the wizard.

If you now click on your folder in the left
frame you will see its content in the right
frame similar to this screenshot
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Step 3: Extract protein-protein interactions

| Action

| Background information




In the left frame open project ,,COPD
Knowledge base”.

The upper part of the left frame contains the
project structure. The ,,COPD Knowledge
base” project is read only and contains
examples, the “Analyse data” project allows
users to generate their own project structure.

i

In the left frame open folder “Tutorial” by
clicking on the (+) sign.

Opening/closing folders by clicking on the (+)
and (-) sign respectively will not change the
information displayed in the right frame.

il

In the left frame open folder “Network
retrieval”

iv  |Left-click on smart folder “Gene
interactions from a probe list”
\% In the right frame click on “Show Query | The result section will provide a list of gene

variables”. Click on add and choose the
folder containing the list of Affymetrix
probe IDs that you have previously
imported during the step 1. Click “Apply”
to execute the search.

interactions with source gene, target gene and
evidence information (Figure 3). The pre-
defined folder “Example Probe List” contains
35 Affymetrix probes mapped to genes and
yields 34 interactions. Please note, using the
full list of 22 283 Probes as uploaded in Step 1
the query will take several minutes to
execute.




vi

In the result table select all (click on any
column then use Ctrl-A) and click on
“Export” to save the results on your
computer.
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Figure 3: This figure shows the result of the smart folder “Gene interactions from probe list” where the
first column “Gene source” is the source of the interaction and 2™ column “Gene target” is the target of
the interaction. The 3" column indicates the source of the interaction and the 4™ column shows the
confidence of the interaction as provided by the original source database.

Step 4: Extract gene-to-gene interactions as defined by co-occurrence

in KEGG pathways
Action Background information

1 Left-click on smart folder ‘“extract
interactions in KEGG from probes” under
“Public/Tutorial/Network retrieval”.

it |In the right frame click on “Show Query | The result section will provide a list of gene
variables”. Click on add and choose the | interactions with source gene, target gene and
folder containing the list of Affymetrix | evidence information (Figure 4). The pre-




probe IDs that you have previously
imported during the step 1. Click “Apply”
to execute the search.

defined folder “Example Probe List” contains
35 Affymetrix probes mapped to genes and
yields 11 interactions within KEGG pathways.
Please note, using the full list of 22 283
Probes as uploaded in Step 1 the query will
take several minutes to execute.

In the result table select all (click on any
column then use Ctrl-A) and click on
“Export” to save the results on your

il
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= HTML
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Figure 4: This screenshot shows the result of the smart folder “extract interactions in KEGG from
probes”. The first column shows the type of the interaction between the source (column 3 labelled
“Source container”, a container of 1-X genes used by KEGG to describe entities in a pathway) and the
target (column 5 labelled “Target container”) belonging to the KEGG pathway database (column 2
labelled “Pathway source”). The Genes summarised within the individual container by KEGG are
listed as “Source Gene” and “Target Gene” in columns 4 and 6 respectively.




3. Scenario 2: Identification and analysis of
functional modules involved in response of
muscle to exercise.

3.1. Background and Analysis strategy: A study on response
to training in healthy individuals

In this case study, we show the integration of KEGG pathway information with gene
expression data applied to the analysis of the transcriptional response of muscle
tissues to physical training (Radom-Aizik et al. 2007). We aim to identify KEGG
pathways whose activity is modulated in response to training. This modularisation
approach has been previously applied in the literature with different strategies using
average, principal component analysis (PCA, Sameith et al. 2008) and more complex
scores (van Vliet et al. 2007) for summarizing the module activity.

Principal components (PCs) are a good strategy for summarizing the activity of a
group of functionally related genes (Sameith et al. 2008). PCA can be used to
represent the molecular state of a biological sample in a lower dimensional space
while retaining the majority of the information. Briefly, PCs can be considered as
linear combinations of the original gene expression measurements (to ensure
statistical significance of the PCA we focused on KEGG pathways containing more
then 9 genes). The link between expression profiling data and KEGG pathways has
been established using a query in BioXM. Once data have been mapped on KEGG
pathways, the overall activity of a module has been summarized by its first two
principal components.

In order to test whether the overall activity of pathways represented by principal
components is different before and after training, we have applied a student t-test
comparing two groups of samples and corrected the p-values for multiple testing.
Ultimately resulting KEGG pathways of interest are represented graphically in
BioXM for further analysis and biological interpretation.

Statistical procedures integrated in BioXM have been implemented in the statistical
programming environment R (http://www.r-project.org/).

3.1.1. The dataset

We use a dataset representing the transcriptional profile of muscle biopsies in healthy
subjects before and after exercise. This dataset is part of a study developed by
Radom-Aizik et al. (2007) and is available from the GEO database (GSE1786). It has
24 samples of needle biopsies from the vastus lateralis of six healthy men and six
COPD patients, 67+2.5 year-old males before and after 3 months of training. This
dataset has been obtained using the Affymetrix Human Gene chip HG-U133A
covering 22283 genes. In our example analysis, we have used only data from healthy
individuals for a total of 12 arrays (6 in each group).

3.1.2. Methods

For this analysis, we used the normalized data available in GEO. Figure 5 shows the
analysis strategy applied in scenario 1. The overall activity of a KEGG pathway has
been defined by its first two components (PCs) computed using the mRNA expression
profiles with the prcomp method of the R stats package. To assess the predictive
power of individual modules, we have used these PCs as input of a t-test. The t-test is
performed using the R multtest package (Pollard et al., 2004) and a Benjamini-


http://www.r-project.org/

Hochberg (BH) false discovery rate (FDR) correction (Benjamini and Hochberg,
1995) has been applied. The 3-D Scatterplot is produced using the R scatterplot3d
package.

™y Principal component 2
. Mapping
Gene expression data

—» t-test

KEGG pathways

A Principal component

Figure 5: Schematic representation of the modularization analysis.

3.2. Tutorial Scenario 2

The following steps will be executed (assuming the user is already logged into
BioXM as described in Scenario 1).:

e Step 1: Execute a query to map experimental data to genes from KEGG
pathways

e Step 2: Use the mapped expression data to compute the principal components
(PCs) for each KEGG pathway (the principal component analysis (PCA))

e Step 3: Calculate KEGG pathways with associated differential principal
components using a t-test.

e Step 4: Visualise PCs for selected KEGG pathways in a 3D-Box-Scatterplot

e Step 5: Interactively browse associated information for genes involved in a
given pathway

Step 1: Mapping KEGG pathways and gene list in our data

Queries can be saved as a smart folder within a project folder. The query is performed
every time the smart folder is opened, ensuring up-to-date information with no
maintenance effort. Query variables allow changing the query e.g. which expression
data to include. Here we show how to integrate experimental data with KEGG
pathways using a smart folder. A detailed guide on how to construct this specific
query “PCA input” is available in section 4. For advanced users willing to develop
more complex queries, the BioXM online help has a complete description of the
structured query language.

A) Execute the smart folder with predefined variables for which KEGG pathways and
experimental data to include:

Action Background information

1 In the left frame open folder “Pathway
PCA” under Public/Tutorial

il

In the left frame right-click on “01. PCA
Input” and select “Open in new window”
from the context menu.

The smart folder is opened in a new window.
The smart folder query is executed to search
genes that are part of a KEGG pathway and
map the associated expression data chosen by
the user (see below in Section 3 for a detailed
description of the query). The results of a
search within the BioXM knowledge network

10




appear as a table of genes with associated
information e.g. mapped Affymetrix probe,
KEGG pathway, and expression data (Figure 6).
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Figure 6: The output of the smart folder “PCA input”. The first column ”Probe” in the results contains
the probes belonging to the selected data, the corresponding gene names are in the second column
“Gene”. The third column “KEGG path” indicates the KEGG pathway, which the probe belongs to.
The rest of the columns show the experimental data associated with each probe.

B) Edit the smart folder variables

Action

Background information

i In the query window click on “Show

A new panel opens, which allows to restrict

Query variables” on top of the result table. |the namespace of searched KEGG pathways or

to add experimental data (Figure 7).

i In the left frame of the main window open | While some data may be linked into specific

Experiment. Left-click on “Affy
normalised”. In the right frame left-click
on “Experiments”

Repositories -> Experiments -> Expression | projects, to access all available data use the

“Repositories” section of the left frame. All
experiments available in the “Affy raw”
format are listed in the right frame.
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& BioBridge_public =
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5B EEXIP’E“‘”" Experiment GSM78545 Affy raw @ Expression Experiment 00 Frobe.
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) Differential expraseion CSM 78554 Affy raw @ Expression Experimert &% Probe.
(=] Fold change GSM78562 Affy raw @ Expression Experiment 0% Frobe
(=] GEO dataset array CSM 78540 Affyraw @ Expression Experimert &% Prose.
W Ortalogies CSM 78546  Affy raw @ Expression Experiment % Probe
W Queries CGSM78551 Affyraw @ Expression Experimern 0% Probe
WA Relations CoM78555 Aty raw @ Expression Experimert 0% Profe

i1 |Drag&Drop the experiments you are|The two groups of experiments will be

interested in into the Query Variables |analysed for differential expression for the list
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“experiment groupl” and experiment
group2”.

of KEGG pathways given.

v

Run the search “PCA input” by clicking on
‘CApply’,

To change the Query Variables permanently
you first have to copy&paste the smart folder
into the “Analyse data” project as you need

write rights to do so.

Overview

Variables

KEGG path: = | &=
Experiment_group1: Name | Type 3
@ GSE1786_CT_GSM4&E108 @ Exprassion Experimant
@ GSE1786_CT_GSM48110 @ Expression Experiment
@ GSE1786_CT_GSM48112 @ Expression Experiment
@ GSE1726_CT_GSM48114 @ Expression Experiment
@ GSE1786_CT_GSM4E116 @ Expression Experiment
@ GSE1736_CT_GSM48118 @ Expression Experiment
6 object(s)
Add...
E i _group2: Name | Type m
@ GSE1736_CS_GSM48107 @ Expression Experiment
@ GSE1786_CS_0SM48109 @ Expression Experiment
@ GSE1726_CS_GSM43111 @ Expression Experiment
@ GSE1786_CS_GSM43113 @ Expression Experiment
@ GSE1736_CS5_GSM48115 @ Expression Experiment I~]

Figure 7: The Query variables for the “PCA input” smart folder, allowing to define the KEGG
pathway name (as pattern expression) and the expression data sets (by drag&drop)

Step 2: Computing the overall activity of a KEGG pathway

In this step, the overall activity of KEGG modules is computed using the PCA method
as predefined in the BioXM analysis “PCA1”. A BioXM analysis allows long running
tasks to be executed in the background. The PCA1 analysis transfers the list of KEGG
pathways and expression data, as defined in the “PCA Input” smart folder, as input to
an R script, which calculates the principal components. The results of the R script are
returned to BioXM. Here we describe the steps required to define the PCAI
parameters and start the analysis.

Action

Background information

Left-click on “PCA1” under “Public/
Tutorial/Pathways PCA”

The analysis-associated information will
appear in the right frame with 3 tabs. As the
analysis has already been run with some data,
the “Results” tab visualises the results from
the last run as explained in Figure 8.

1

In the right frame on the tab “Report” click
on “Edit parameters”.

To start a new analysis, run the “Edit
parameter” panel. With your own analysis you
could for example provide a different smart
folder as input to the analysis.

il

In the right frame click “Run Analysis”.

The analysis run may take several minutes,
depending on the number of experimental
datasets you specified.
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rRepnn rGraph rAnnnlatinns |

View: |ﬁ*, Pathway PCA docked) v| ‘ Manage... | Print.. | | Export to PDF...
Analysis finished. ® List (0 Table () Text
Output Edit Parameters
Ohject | Gene | PC1.GSE1786_HT_CSM30836 (Groupl) | PC1.GSEL7S86_HT_GSM30837 (Grouply | PC
22 Thyroid cancer [Homo sapienz60 -0.781464563859933 -0.92023022619703 -0.20/
2‘" Olfactory transduction [Homo 57 -0.0385320652546032 0.235638145168104 0,615 =%
3: Parkinson's disease [Homo sa38 -0 295805339115053 -0.868623129870577 -1.29 .
EI Meuroactive ligand-receptor ir41a -0.225513956014786 1.02308243095900 -0.73
2: Cutokine-ookine receptor int387 -0.150532108828422 -2. 2967950468186 0375
2: Epithelial cell signaling in Helic14& -1.01606067548283 -1 48828173349506 -0.85
2:Tn\|—|ike receptar signaling palsé -0.4932830031586418 -1.46626698854384 -0.32
szrachidDmc acid metabolism [86 -0.03585225965290028 -1LE0278051652354 -0.82
22 Metabalism of xenobiotics by 184 -0.0503775534193206 -1.589860016 75844 2622
27T Axon quidance [Homo sapiens? 14 -1.20580265855580 -1 756263641832242 -Lad—
P 1 P r aa a a r 14 A4 |l —{
OE | [*]
183 ohject(s)

Figure 8: This table shows the result of the PCA analysis. The first column contains the pathway
name. Column 2 shows the number of genes associated with the given pathway. Columns 3 and
following show the result of the PCA by experiment and PC.

Step 3: Identifying differentially expressed KEGG modules

In this analysis a comparison between the expression state of KEGG modules in
sedentary and trained healthy individuals has been performed using a t-test.

The analysis allows to test if the overall activity of the pathway represented by PC1 or
PC2 is significantly different in the two experimental groups. Each principal
component has been tested independently.

Action

Background information

tab.

i Left-click on the smart folder “02. t-Test
for PCA results” under /Public/Tutorial/
Pathways PCA”
i In the right frame click on the “Results” | A table of KEGG pathways with associated

mean PC1 values for each of the experiments
and significance p-values (raw and adjusted
for multiple testing) are displayed. The PCls
of the three most significant KEGG pathways
are visualised as 3D scatterplot on top of the
table (Figure 9).
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111 In the rlght frame’ abOVe the 3D Report rResuIls r Results Graph rReIa(iuns r’ Annotations

scatterplot, click on the “View” drop down
e Py Show Query Variables
menu and select “02. t-test Result PC2”. >
vView: | 01 t-Test Output PC 1 - ‘ Manage...

T 01. t-Test Output PC 1

KEGG |7 92, 1-Test Output PC 2

[T 03. 1-Test Input

[ Context general information
[ KEGG pathway - genes

T tmp KEGG path Aliases

T

a
g
a
a
£
s
z
E
2
2

In BioXM, Views are used to provide custom
reports for given objects, to be able to
assemble any selection of information
associated with the object. Here we have
created two separate Views to visualise t-test
results for PC1 and PC2.

Homo sapiens]

‘2 1 0 1 2 3

Mon-small cell lung cancer [Homo sapiens
0
p I,
~
w
Prostate cancer [Homo saplens)

Afachidonic acid mets bolism [Homo sapiens]

KEGG pathwa T PC1 Groupl [ PC1 Group2 |means... means.aroupZ] statistic [ rawp | adjp.BH |
3‘:Arathidnnic acid metabolistm [Homo sapiens]  -0.0395225965290029 1.11531421023161 -081 061 3.97 002 00665454545 «|

-160278051652354 -1.1285191543 1698 e
-0.822045544649352  2.04847087008558
-0.2286320807457298 0516630667 77211E
-1.04541633557568 0 B1833022208244%9
0.123911481708371 0300657543 17023
2: Frostate cancer [Harmn sapiens] -0.449952643151048 0.607823494245488 -lo4 104 362 0.00500 0665454545
-2.21088208739933 0. 9583758399594
0.655361960001451 2.3858603281125%906
-1.92290448237335 1.98813968450282
-0.580632657569458  1.473258542402468
-1732141141587788 -0.239295521612438
3: Mon-small cell lung cancer [Homo sapiens] -0.1898246345880086 (.0826631357436276 -0.86 (.86 3.46 0.01 0.066545454%
-1 60524902854572 -0.55841279070744
0207854893 110208 1.92080417581285
-158213582463308 2.23458352786344 —
-0.0104052132774211 1910442026258 hd

187 nhiartécy

Figure 9: This result view shows the first three significantly different pathways between sedentary and
trained healthy people. The 3D scatterplot on the top visualises the PC1 for each experiment as spot in
the 3D space with the KEGG pathways as dimensions. Green (experiment group 1, here pre-training)
and red (experiment group 2, here post-training) spots clearly occupy two different regions of the plot,
indicating differences. The significance of the differences is visible in the tabular report where the first
column provides the name of the pathway. Column 2 and 3 list the PC1 values for each of the
associated experiments in group 1 and 2. Columns 4 and 5 show the overall PC1 mean of the pre- and
post-training data. The following columns list the t-, p- and adjusted p-value respectively.

The t-test shows that training is associated to a profound change in the muscle

transcriptional activity. Of particular interest is the finding that pathways involved in
inflammation, cell-to-cell communication (exemplified by a number of cancer related
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pathways), cell remodelling, biosynthesis and metabolism are differentially modulated
between the sedentary and trained healthy individuals.

Step 4: Scatter Plots
As alternative view on the analysis it may be useful to generate a 3D scatterplot for a
set of user defined pathways instead of the three most significantly different pathways
as shown above.

In this example we will visualize the separation between the 12 muscle biopsies as a
function of the second components of the pathways “Tight Junction, Gap Junction and
ECM receptor. These are among the most differentially modulated pathways in
response to training according to our analysis. They are also rather interesting from a
biological prospective since they are playing an important role in tissue remodelling.

Action

Background information

In the left frame left-click on the smart
folder “03. Box-Scatterplot” under
“/Public/Tutorial/ Pathways PCA”. Click
on the “Result” tab in the right frame.

The 3D scatterplot and t-test result for the 3
currently defined pathways becomes available.

il

In the right frame click on “Show Query
Variables” to edit the names of the KEGG
pathways you want to visualise.

Pathway names need to be complete or be
extended with a wildcard “*” as BioXM
searches for complete matches, not sub-string
matches (Figure 10 A).

il

Click on “Apply”

The 3D scatterplot and t-test for the defined
KEGG pathways becomes available (Figure 10
B).

Name [ Type
PCAT [ Pathway PCA

1 ohject(s)

|Gap.Junctinn [Homa sapiens] |

¢ [Focal adnesion [Home sapiens] |

[ECM-receptor interaction [Home sapiens] |

Focal adhesion [Homo sapiens]
2
—a
e
w
Gap junction [Homo saplens]

k)

ECM-receptor interaction [Homo sapiens]

Figure 10: The panel A shows the screenshot on the process of choosing the pathways to plot. The
panel B shows the 3D scatterplot, result of the smart folder “Box-Scatterplot”.

Step S: Visually browsing information in BioXM:

A large number of information is integrated in BioXM. This information can be
explored using a graphical interface. Moreover, BioXM also offers the possibility to
query whether, for example, genes in the pathways have been involved in other forms
of disease or are targets of known drugs.
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Action

Background information

Click on the “Type II diabetes mellitus
[Homo sapiens]” link in the t-test
Output PC1 result or search a pathway
of interest as described in ii.

A new window will open providing different ways
of exploring the selected pathway (Continue at
iii).

Alternatively, in the left frame click on
“KEGG pathway” under
“Repositories/Contexts/”, then click on
the “Context” tab in the right frame.

Within BioXM, pathways are defined as sub-
networks or “Context” of the complete knowledge
network. Different types of sub-networks are
distinguished by their Context class e.g. KEGG
pathways, Biochemical pathways, Reactome
pathways.

ii.b

In the right frame, above the list of
available pathways write in the empty
search field “Type II diabetes*” and
click on search.

A quick search will filter the result table in the
right frame for the search pattern and provide only
objects with matching names.

Double-click on the “Type II diabetes
mellitus [Homo sapiens]” in the result
table

A new window will open providing different ways
of exploring the selected pathway e.g. accessing
the list of objects or relations participating or
using a graph display as shown below.

il

Click on the tab “Context Graph” in the
new window.

The pathway will be visualised graphically
(Figure 11 A).

iv | To browse gene-compound relations, |
right click on a component, for (o msa ame sap S P
example, “IRS1”. A menu will pop up, Display Annatations ’

. . Display EInRS Relat) hi L
choose first “Display Context Object” e ETT™™
and then “Element- gene” Display Contexts ¥ Coditext KEGG oitholog
: * Mew Cantext.. ¥ Element: Gene
ADIFOD, ACDC [Homo sa| Edit Propeities.. Element: Protein
T Edit Infonmation. i
P - Undo Undisplay Srg-1 :<
nCas ;E
Copy Sarg-L e
Fasie Srg-Y ;5
Select All Srgek i
D Select None 2
Imvert Selection ‘:
,,,,,,,,,,,,,,,,,,,,,, Undisplay Ll 3
vi | Right-click on the displayed gene As more than 10 compounds are related to this

“IRS1” and choose “Display Relation”
-> “gene-compound relation” from the
menu, which will pop up.

gene, the relations are not displayed directly;
instead a selection table will appear which allows
the user to mark those compounds you are
interested in.
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vii | From the pop-up window listing all choee P
Compounds related to “IRSI” mark the View: |ﬂiﬂ Evidence View Gene Assiciations (Compound general) V‘
first three compounds (left-click the [source ene -l | [ [+] [oraran |
first, then shift left-click the third) and source Gere | Targer | Teret Type
. « 9 & IRS1 [Homo sapj-) Bisphenol A [C13624] j)(umpuund ar Drug Ter| = |
Clle OK & IRS1 [Hamo sapJny Carmustine [CO6873] % Compaund or Drug Ter)s
& IRS1 [Homo sap $y Cytloheximide [CO6685] “ Compound or Drug Tef
& IRS1 [Homo sapj-) Cytlophosphamide anhydrous [CO7EEE] j-_, Compound or Drug Ter|::
£ IRS1 [Homo sap - Cytlaphosphamide [CO6333) %y Compound or Drug Ter| &
& IRS1 [Homo sap§y Calcitrial [CO1673] % Compound or Drug Ter |
j IR51 [Homo sag j) Compound or Drug Te|
£ IRS1 [Homo sapn Daxarubicin hydrochlorice [C12704] % Compaund or Drug Te
& IRS1 [Homo sap i doxorubicin-maleimidocaproyiiiydrazone s Compound or Drug Te
j IRS1 [Horno sa;cj-) doxorubicin-N-4-hydroxyphenoxyacetamide _’b Compound or Drug Tel
& IRS1 [Homo sap §y Estradiol 4 Compound or Drug Te
£ IRS1 [Homo sapj-) estradial 17 beta-cypionate j-_, Compound or Drug Te|
& IRS1 [Homo sapy estradiol 17-acetate %~ Compound or Drug Tel
£ IRS1 [Homo sar estradiol 17-hutyrate % Compaund or Drug Te
j IR51 [Homo sapj-) estradial 17-dihydratriganelline j) Compound or Drug Te|
£ IRS1 [Homo sapn estradiol 17-sulfate % Compaund or Drug Te
_# IRS1 [Homo sapn est 17-undecannoate > Compound or Drug Tet |
[EmEEEmEEEEEEE | [ »]
&4 object(s)
The selected compounds are displayed in the
graph with their connection to the “IRS1” gene (
Figure 11 B).

viii | Double-click on the Relation between |Every Object and Relation in BioXM can be
“IRS1” and “Carmustine” to view the |tagged with Annotation e.g. to provide the
evidence for this connection evidence behind a Relation.

vii | Shift left-click on the compound

“Carmustine”, then on the Compound
“Bisphenol A” so both are marked.
Right-click on any one of these and
choose “Find Connections between
selected objects” -> “via

Flement:Gene” from the context menu.

A number of additional genes associated with both
compounds are displayed (Figure 11 C).

17




=

toma sapansl | [ o thame sapiens |

afiobaces

-

nd or drug ~
has associated compound or drug
Y
ox
~n
| H
Mo o, ] [
SN \n/ ~
O °
o &,

3 Bisphenol A [C13624] 5 Carmustine [C06873] J» Cycloheximide [C06685]

51 (Homa sapiens

o Bisyl

YoQolt

& MADILL (Homo sap

>
-

o+

Yool

' EDKNIA [Home sapiens

oedx

hins nssos i ed ce
.

_/‘__——

N

| m .
e~ Ho o~ Mg rseciscad campaund ar drug
Display Relations - » |

Find Connections Between Selected Ohjects
Display Annotations
Disnta iags.

1y component b
0

nshins
pund relation, Gene-Compound relation

0
»
>
a
,
swgez |rdrug
’

copy strg-c
Select ANl strg-n

Select None
Invert Selection

Yolyox

H2APX [Homo 5|

Figure 11: This screenshot shows the graphical visualization of the pathway “Type II diabetes mellitus
[Homo sapiens]. The blow-ups provide two results for the visual browsing of the knowledge network,
from gene to compound and connecting two compounds within the network.

4. Query generation

1. Description of the query executed within the smart folder “PCA input”

The query “PCA input’ uses the result of a pre-defined query template called
"retrieve genes in KEGG pathway". Therefore, we describe these two queries. Before
starting to prepare a query it is important to take into account the data model (i.e. the
structure of items) in BioXM (see Figure 12). For example in this query, the "Pathway
component" is a container used by KEGG to assemble different gene or protein
isoforms. So the query needs an intermediate step from gene to Pathway component
to pathway. There are also proteins and protein-complexes as additional intermediate

steps.
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Figure 12: Partial visualisation of the BioBridge BioXM data model. Only the central objects and
relations of the data model, such as “Gene”, “Protein”, “Expression Experiment” or “KEGG pathway”
are displayed.

Please note, while all users are able to view the pre-defined smart folders and query
templates in the ,,COPD Knowledge base” project, only users with specific rights are
allowed to edit them. Normal users can create and edit new smart folders, query
templates and queries within the “Analyse data” project.

To view the query used within “PCA input” right-click on the smart folder in
Public/R/Pathways PCA and select “Edit smart folder ...” (Figure 13).

Ohject to find: Analyze query

= @ iz a Probe which
= @ simultaneaushy
= @ comes from gene a Gene which
@ iz in results of a guery based on retriewe genes in KEGG pathway template
= @ has assigned experiment data entry which
= @ belongs to an experiment which
= @ alternatively
@ is in Experiment_groupl
@ is in Experiment_group?2

Vfariables:

Marme | Tyvpe | Yalue
Experiment_groupl Qbject Set Expression Experiment "CSELTS..
Experiment_groupz2 Qbject Set Expression Experiment "CSEL7S...
KECD pathway Pattern Expression "

Figure 13: Query used in the smart folder “PCA input”
To view the "retrieve genes in KEGG pathway" query template click on “Search” in

the navigation bar and then on “Edit Query Templates ...”. In the new window select
"retrieve genes in KEGG pathway" and click on “Edit Definition” (Figure 14).
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-] @ is a Mucleotide Sequence which
-1 @ alternatively
-| @ is anitern in Pathway component which
-| @ is anitem in KEGG pathway which
-| @ has name
o like KEGG pathway
-| @ expresses a Protein which
-| @ alternatively
-| @ is anitem in Complex which
-| @ is anitem in KEGG pathway which
-] @ has name
o like KEGG pathway
- @ is anitem in Pathway component which
- @ is anitern in KEGG pathway which
-l @ has name
o like KEGG pathway

Figure 14: Query Template "retrieve genes in KEGG pathway"
The following schema explains the query “PCA input”:

The query “ PCA Input (c.f. Figure 13) searches for all probes which:
A) are associated with a gene which is part of a KEGG pathway
, this part of the Query actually uses an existing
query template "retrieve genes in KEGG pathway" (c.f. Figure 14)

The idea behind "retrieve genes in KEGG pathway" is: search for genes which

A) are an item in a Pathway component which
- is an item in a KEGG pathway

OR “ alternatively”
B) express a Protein which
- is an item in a Pathway component which
- is an item in a KEGG pathway
OR “alternatively”
- is an item in a Complex which
- is an item in a Pathway component which
- is an item in a KEGG pathway
AND “simultaneously”
B) have an assigned experimental value, which has been measured within one of the
experiments given in the list
A) Experiment_group 1
OR “alternatively”

B) Experiment_group 2
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2. Creating a query similar to the “PCA input” smart folder

1. “Search” — “Find by Advanced Query”
ii. A new window will appear, double-click on “is an element” on the left
most panel. Then precise the element type “probe” on the right panel. And

click on “Apply” on the same panel.

“riteria available: Object to find:

Analyze que

) Object Selection |~
@isthe ..
@ is an element
(% Object Properties
@ has name ...
@ has description ...
@ has alias
@ has shape
@ is created by a userwith name ...
@ is lastmodified by a user with name ...
@ has creationtime ...

B hac lact madifiratinn tima

@ is an element

Object kind:
| @ Element v \
[¥] Element type:

[ 22 Probe -]

Figure 15: This screenshot shows the query window at the end of the step (ii.)

1. Double-click on “simultaneously...” under “Logical” on the left panel.

Criteria available:

| Object to find:

(=) Object Selection
@isthe ..
@ is an elsment
(%) Object Properties
@ has name ..
@ has description ...
@ has alias
@ has shape
@ is created by 3 user with name ...
@ is last modified by a user with name ...
@ has creation time ..
@ has last modification time ...
(% Logical
@ simultaneously ...
@ alternatively ...

= @ is a Probe which
@ simultanesously ..

Figure 16: This screenshot shows the query window at the end of the step iii

1v. Double-click on “is in results of a query based ... on template” under
“Object Association” on the left panel. Then on the right panel, click on
“Choose” to choose your query template. A new window will pop up;
choose "retrieve genes in KEGG pathway". Click “OK”. Under “Edit
Variable Values” in the right panel provide a value for the KEGG pathway

ek

name e.g.

= @ is a Frobe which
El @ simultaneously
@ is in results of a query based on .. templ

(]

| f« 2 || Delete | a w

to search across all KEGG pathways.

retrieve genes in KEGG pathway | | Choose.. |

| Edit Variable Values |

i Some arguments are not defined.

Apply | | Discard

Figure 17: This screenshot shows the query window at the end of the step iv
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V. click on “simultaneously” in the middle panel to get back to the object
selection on the left panel. Double click on “has assigned experiment data
entry which ...” under “Experiment”. Double click on “belongs to an
experiment which ...” under “Experiment”. Double click on “alternatively”
then on “is the” under “Object selection”. Repeat the last step.

Chiecatoltin Objects chosen:
E @ is a Probe which m T
E @ simultanenusky 2l il
@ is in results of a query based on retrieve genes in KEGG pathway template
= @ has assigned experiment data entry which
E @ helongs to an experiment which
E @ alternatively
@ sthe ...
@ isthe ..
0 ohject{s)
Add...
Figure 18: This screenshot shows the query window at the end of the step v
vi. Click on “Add” in the right panel and in the new window select your

experiments of interest for group 1 from a given folder. Repeat for group

2

Note: within this selection box you currently can not select Experiments
directly from the repository, you have to move them into a folder first.

b, . BioXM Knowledge Management Emvironment <2> ;

Choose Object(s)

= # Pu
3 gioLT
a R
[ Cluster Analysis
(1 Differential Expression
(1 Differential Pathay And
([ Experiments
(3 Marmalization
() Pathways PCA
(3 Test
[ test decreased
[ test increased
£ Metabolic Pathways
£ Chip Platforms
# HomoloGene
# KEGG Pathways
£ BioBridge

View: | [ Expression experiment Report ¥ ‘

Objects chosen:

Name

I Type

@ C3M 121359

CSM 1185 80BioBridge_processed
CSM 11862 4BioBridge_processed
g C5M 11865 9BioBridge_processed

C3M 118660BioBridoe_processed

H C3M 11866 1BioBricge_processed
il |0SM 11993 6BinBridge_processed
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@ Expression Experiment &% Probe
@ Expression Experiment &% Probe
@ Expression Experiment £ Probe
@ Expression Experiment 0 Probe
@ Expression Experiment 0 Probe
@ Expression Experiment &% Probe

3 [Name - - |+ Search @ CSM121360

i | ‘ | ‘ J J | @ CSM121361

Mame | Experiment format | Experiment method | Experiment @ C5M121362
groupl
aroup2

@ Expression Experirment
@ Expression Experiment
@ Expression Experiment
@ Expression Experiment

< objectis)

ada | =

o Dok

v |

Cancel

Figure 19: This screenshot shows the query window of the step vi.

Vil.
Viii.

Some arguments are not defined

Click “Next” on the bottom of the window to execute the Query.
Click on “Next” in the Query result table to save the query as simple

query, query template or smart folder. Query templates and smart folders
allow to introduce variables instead of e.g. the fixed list of experiments
used in the current query.
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5. Additional information

5.1. BioXM Documentation

An Online help is available from the “Help” menu in the navigation bar within the
BioXM Knowledge Management Environment application. The “Help” section
provides also links to an Online Tutorial and further Documentation.
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